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SUPPORTING ONLINE MATERIAL RESULTS
A typical force-vs.-elongation response from a piliated E. coli HB101/pPAP5 bacterium that binds to a surface, measured by optical tweezers, is shown in Fig. S1 . As has been described in some detail in Ref. , the first part of a force-vs.-elongation curve from a piliated E. coli, in this case up to about 0.4 µm, shows the collective effect from a number of pili elastically elongated to various degrees in region I. Each kink represents the detachment of one or several pili of which the three first are marked with an asterisk in the figure. A detachment of pili shows up, in an OT measurement, as a sudden decrease in force together with an instantaneous elongation of the bond. The instantaneous elongation is a result of that an alteration in the number of pili mediating the force during a measurement affects instantaneously the force and thereby also the length of the bond (the bead in the trap shifts suddenly a distance given by the ratio of the change in force and the stiffness of the trap). Pili detachment in OT measurements gives therefore rise to a discontinuity in the distribution of force-vs.-elongation data points, which in turn, when presented as a force-vs.-distance curve as in Fig. S1 , shows up as a straight, noise-less section.
The roll-over behaviour that follows, in this case up to about 0.8 µm, originates from pili sequentially entering their unfolding region. The unfolding of the helical (quaternary) structure of a single PapA rod pilus, which takes place between the "adjacent-turn-interactions" of the PapA subunits, has previously been found to take place under an elongation-independent unfolding force, uf F , of 27 ± 2 pN . For the case presented in Fig. S1 , and for bacterium-to-bead distances above 1 µm, the binding was mediated by three, two and finally one pilus all simultaneously in their unfolding region, and sequentially detaching from the bead. Before the last pilus 3 detached, it entered its third elongation region, characterized by a non-linear ("s"-shaped) form, possibly originating from a further stretching of the linearized helix.
MATERIALS AND METHODS
Mounting and measurement procedures. The mounting and measurement procedure is illustrated in Fig. S2 . Using the optical tweezers, an unbound piliated bacterium is mounted onto a large bead, immobilized to a cover glass. A suspended small polystyrene bead is trapped and held by the optical tweezers. The cover glass is moved so that the bacterium makes physical contact with the trapped bead. A strong binding interaction is formed between the bead and the pili, resulting predominantly from nonspecific hydrophobic forces between the pili and the bead. The bead-bacterium assembly is displaced from the trap, exposing the bound structure as well as the trapped bead to a force that deflects the bead from the centre of the trap a distance proportional to the force. Continuous monitoring of the position of the trapped bead within a forcecalibrated trap provides thereby a direct measure of the force mediated by the pili at any given moment in time . The contraction properties of the pili can be assessed, at any moment in time or at any elongation distance, by reversing the direction of the movement of the cover glass so that the bead onto which the bacterium is mounted approaches the trapped bead.
Figure Captions
Figure S1. A typical force-vs.-distance response from an elongation study of bacterial attachment mediated by P pili. The * indicate the three first detachments of pili. The unfolding force of the helical rod, uf F , specifically indicated in the figure, shows up as an elongation-independent force. The number of pili mediating the interaction at each plateau of region II is identified. The plot is based upon data from a previous elongation study of P pili presented as Fig. 8B in Ref. , however recalculated as a function of bacterium-to-bead distance in order to display a typical force-vs.-distance response for P pili. Figure S2 . Illustration of the mounting and measurement procedure.
